Background
Cerebrospinal fluid (CSF) is rich in proteins and, thus, has the potential to be used for diagnostic and prognostic purposes. The present study sought to identify new biodiagnostic markers of meningioma in CSF. Some CSF proteins can be used as tumor markers for the diagnosis of brain tumors. Proteins such as human chorionic gonadotropin (hCG) and a-fetoprotein (a-FP) are secreted from several different CNS structures [1, 2] , and CSF sampling by lumbar puncture is a well-established procedure for differentiating various germ cell tumors.
Because the flow of proteins from and to the brain is restricted by the blood-brain-barrier, biochemical changes reflected in CSF can indicate the status of the brain parenchyma and, more specifically, the periventricular white matter [3, 4] . CSF is the only body fluid in direct contact with the brain and so is a more likely source of biomarkers than any other body fluid [5] [6] [7] , particularly protein components that result from transcriptional and post-transcriptional control, post-translational modifications, and the transport of proteins between cellular compartments [8] .
Meningiomas are the second most frequent type of common primary brain tumor, and account for 26% of all primary brain tumors [9, 10] . Although most meningiomas are slow growing benign tumors, huge meningiomas are believed to have surgical risks. However, if a meningioma is diagnosed early, it can be treated non-surgically. It is well-known that benign brain tumors such as meningiomas have a more homogenous genotype than malignant brain tumors. This makes it relatively easy to find candidate marker proteins of meningioma.
Immunolabeling of MIB-1 is useful for predicting the recurrence of benign meningioma [11] , but more accurate, non-invasive methods are required. In the era following the description of the human genome, proteomics-based systems provide a convenient means of diagnosing cancer [12] . Furthermore, proteomics has proven to be a powerful means of obtaining insight into biological processes by allowing the screening of whole protein contents at particular time points [13] . In addition, proteomics is compatible with high-throughput analysis and provides high-resolution images.
The present study identified meningioma-specific proteins in the CSF samples of patients with meningioma by using 2-dimensional electrophoresis (2-DE) and mass spectometry. The resulting findings were confirmed by Western blot and suggest that CSF proteomics is a potentially useful diagnostic tool in patients with meningioma.
Material and Methods

Source of CSF and sample preparation
We quantitatively analyzed 11 CSF samples from patients with meningioma and 5 CSF samples from patients with non-brain tumorous lesions, including 4 samples from patients with hydrocephalus and 1sample from patients with protein infarctions. Four CSF samples with meningioma had enough concentration of proteins to be analyzed by 2-DE.
The other 5 CSF samples had low concentration of proteins and only enough concentration to be analyzed by Western blot. We thus selected 8 CSF samples (4 from patients with meningioma [Me1-4], which had a direct exposure to subarachnoid space; and 4 from patients with non-brain tumors [N1-4]) containing many proteins for proteomic analysis, and an additional 5 CSF samples from patients with meningioma, for Western blot analysis for verification (Me5-9). These samples were individually centrifuged at 2000 × g at 4°C to remove circulating cells and debris, and stored in aliquots at -70°C until use. The Institutional Review Board of Ajou University Medical Center (Suwon, Korea) approved this study.
Acetone precipitation
CSF is generally high in salt (>150 mmol/L) and low in protein. Of the available methods for protein precipitation, higher protein recovery from human CSF has been obtained using acetone precipitation [19] . Accordingly, all CSF samples were precipitated with 100% ice-cold acetone in a 1:2 ratio of CSF to acetone, at -20°C for at least 1 h. After centrifugation at 2,000 × g for 15 min at 4°C, the supernatant was discarded and ice-cold acetone was added. The pellets obtained following the same centrifugation conditions were air-dried using a Speedvac (Heto-Holten A/S, Allerod, Denmark) and stored at -20°C.
IEF
IEF was conducted as previously described. Briefly, 500 µL of a rehydration solution composed of 7 M urea, 2M thiourea, 4% w/v CHAPS, 60 mM dithiothreitol, a trace of bromophenol blue, and 0.5% w/v immobilized pH gradient (IPG) buffer (pH 3-10; Bio-Rad Laboratories, Hercules, CA, USA) was prepared. Acetone-precipitated pellets were dissolved in 500 µl rehydration solution for salt removal. Pellets were then disrupted by titration, followed by sonication for 3×30 seconds to eliminate protein aggregates. The solution was centrifuged at 15,000 rpm for 15 min, and the supernatant was taken and placed in an e-tube (Porex, Fairburn, GA, USA). Protein concentrations of samples were measured in triplicate by Bradford method before being loaded to the IEF strip for separation. A precast IPG dry strip was placed gel-side down into the mixture and was covered with mineral oil. After rehydration for 12 h, the first dimension was performed at 200V for 1 h, 500V for 1 h, 1,000V for 1 h, 8,000V over a 30 min gradient, and 8,000V up to 78,000 Vhr (total run=79,700 Vhr). The first dimension was performed using an IPGphor system, using 18 cm Immobiline Dry strips (pH3-10NL; Amersham Biosciences, Franklin Lakes, NJ), and rehydrated overnight with 150 µg of CSF proteins diluted to 350 uL with rehydration buffer. The increasing voltage gradient reduced the salt interference. The electrofocus strip was stored at -70 o C until required for the second-dimensional gel electrophoresis.
2-DE
Frozen CSF samples were thawed at room temperature and treated with lysis buffer containing 10 µL/mL of a protease inhibitor cocktail and 200 mM phenylmethanesulphonylfluoride. The second dimension involved 12.5% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) using a PROTEAN IIXI electrophoresis kit (Bio-Rad). Silver staining was carried out as described previously [36] using a silver stain kit (Amersham Biosciences). Silver staining was used because of its high detection sensitivity, which allows the detection of most proteins down to the nanogram range, which is 100 times more sensitive than using Coomassie brilliant blue. The method is reliable and reproducible, and gives essentially colorless backgrounds in most gel electrophoresis systems. 2-DE was carried out at least 3 times independently.
Image acquisition analysis
Silver-stained 2-DE gels were scanned with a digital scanner and spot detection was performed qualitatively and quantitatively using a Progenesis Workstation 2005 (Nonlinear Dynamics, Newcastle-upon-Tyne, UK) as described previously. A 2-fold increase in the differential expression of protein spots was evaluated using statistical analysis tools. All data obtained were statistically assessed using the Mann-Whitney and the unpaired Student's t test. Data are expressed as mean±standard deviation (SD), and p values of <0.05 were considered significant.
In-gel digestion
In-gel digestion of protein spots on silver-stained gels was performed as previously described [38] . Excised gel pieces were destained in 30 mM potassium ferricyanide and 100 mM sodium thiosulfate, and then rinsed several times with 150 µL of distilled water until the yellow color of the ferricyanide completely disappeared. Each gel piece was dehydrated in 100% ACN acetonitrile (ACN) until it became opaque and was rehydrated with 100 mM ammonium bicarbonate (NH 4 HCO 3 ) until transparent. This dehydration and rehydration process was repeated 3 times, and was followed by a single dehydration in 100% ACN. The gel pieces were then dried in a vacuum centrifuge and rehydrated at 4°C for 45 min in digestion buffer containing modified porcine trypsin in 50 mM NH 4 HCO 3 at a concentration of 0.01 µg/µL (Promega, Madison, WI, USA). Excess supernatant was removed and gel pieces were soaked in 30 µL of 50 mM NH 4 HCO 3 overnight (16 h) at 37°C. The resulting tryptic fragments were eluted from the excised gels by diffusion into 0.5% trifluoroacetic acid, 50% ACN and 100% ACN, and transferred into new tubes.
Protein identification and database searching
Liquid chromatography tandem mass spectrometry (LC-MS/MS) was performed using a QTOF II mass spectrometer (Micromass, Manchester, UK). Samples were loaded onto a 300 µM (internal diameter) × 5 mm (length) (C18, 100 Å pore size, 5 µm diameter) guard column using a FAMOS autosampler (LC Packings, Sunnyvale, CA, USA). Peptide separation was carried out on a 75 µm × 10 cm fused silica microcapillary reverse phase column using an Ultimate apparatus (LC Packings). The A and B mobile phases were composed of 0% and 80% ACN, respectively; each also contained 0.5% acetic acid and 0.02% formic acid. The gradient was started at 5% B for 20 min, and then ramped to 20% B for 3 min, 60% for 30 min, 100% for 2 min, held at 100% for 7 min, and finally at 5% for 2 min. The column was equilibrated with 5% B for 9 min before the next run. During gradient elution, 3 tandem mass spectrometry (MS/ MS) spectra were acquired per data-dependent cycle from the MS master spectrum. A threshold of 10 (counts/s) was set to trigger an MS/MS event. The electrospray was set at 2.5 kV, and specific m/z values of the peptide fragmented by collision-induced dissociation (CID) were excluded from reanalysis for 1 min. The spectra were used to search the IPI human database (IPI.HUMAN.v.3.27) to identify proteins via Mascot Daemon (Matrix Science, London, UK). In general, a peptide tolerance of 1.5 Da, MS/MS tolerance of 0.8 Da, 1 missed trypsin cleavage, oxidation of Met, and fixed modification of carbamidomethyl cysteine were selected as matching parameters for the search program. We initially used an MS tolerance of 0.8 Da. However, for the peptides with large molecular weight (of more than about 2,000 MW), the next monoisotope ion can be selected for the MS/MS fragmentation in data-dependant MS/MS mode because of their isotope distribution. In this case, it was crucial that M+1 ion was selected as the precursor ion. They showed mass tolerance of 1Da, compared to theoretical peptide monoisotope MW. In order to include this case, we used a peptide tolerance of 1.5 Da in mascot search. However, Q-TOF MS provides good resolution, and identified peptides with M or M+1 isotope ion showed mass tolerance less than 0.5 Da compared to its theoretical M or M+1 ion, respectively. The spectra were used to search the IPI human database (IPI.HUMAN.v.3.27) to identify proteins via Mascot Daemon (version 2.0, Matrix Science, London, UK). In general, a peptide tolerance of 1.5 Da, MS/MS tolerance of 0.8 Da, 1 missed trypsin cleavage, oxidation of Met, and fixed modification of carbamidomethyl cysteine were selected as matching parameters for the search program. Protein identification was carried out using at least 2 peptides from the protein database search.
Western Blot Analysis
Electrophoresis and blotting were performed using the BioRad Criterion system to analyze acetone precipitated proteins from meningioma CSF samples treated with protease inhibitor cocktail and phosphatase inhibitor. Samples containing equal amounts of CSF protein (10 µg) were subjected to 12.5% SDS-PAGE (Sigma-Aldrich, St. Louis, MO, USA) in a Bio-Rad mini gel electrophoretic unit at a constant voltage of 60~80 mA until the dye front was near the end of the gel. The resolved proteins were then transferred to a polyvinylidene fluoride membrane at 300 mV for 90 min at 4°C using a wet transfer system (Bio-Rad). Each membrane was blocked with 5% bovine albumin serum (BSA) (Sigma-Aldrich) in 0.1% TBS (1 mL/L Tween-20 in 0.01 mmol/L phosphate-buffered saline, pH 7.4 [PBS]) for 30 min. Each membrane was then incubated overnight at 4°C with mouse monoclonal antibodies against apolipoprotein E (ApoE; Abcam, Cambridge Science Park, UK; 1:5,000 dilution), apolipoprotein J precursor (ApoJ; Abcam; 1:2,000 dilution), AAT (Santa Cruz Biotechnology, Santa Cruz, CA, USA; 1:5,000 dilution), beta-2-microglobulin (b2M; Abcam; 1:1,000 dilution), prostaglandin D2 synthase 21kDa (PTGDS; ProteinTech, Chicago, IL, USA; 1:2,000 dilution), or transthyretin precursor (TTR; ProteinTech; 1:1,000 dilution) in blocking buffer (5% bovine serum albumin in TBS), independently. Membranes were then washed with 1 mL/L Tween-20 in 0.01 mmol/L PBS and incubated for 1 h at room temperature with horseradish peroxidase (HRP) conjugated-goat anti-mouse and HRP conjugated-anti-rabbit IgG (Zymed Laboratories, San Francisco, CA, USA) diluted results
Proteomic Analysis of human CSF
To establish protein profiles in CSF, we performed 2-DE on 10 CSF samples (5 benign meningiomas and 5 non-tumorous lesions) over a pH range 3-10 ( Figure 1 ). The available clinical information is included in Table 1 . Consistently expressed protein patterns and individual proteins were selected using the t test (p<0.05). The 2 groups were analyzed in 3 independent gels, and protein spots of interest were identified by electrospray quadrupole time-of-flight tandem mass spectrometry (ESI-Q-TOF MS/MS). Consistent differences between the expression profiles of CSF from patients with a meningioma or a non-brain tumor were elucidated.
Ten protein spots differently expressed in CSF samples of meningioma patients
To compare protein expression profiles in the CSF samples of meningioma and non-brain tumor patients, 150 ìg protein samples from each group were resolved on IEF strips and separated by 12.5% SDS-PAGE in the second dimension ( Figure 1A ). Of the more than 1,000 protein spots detected on each gel, 10 distinguishing protein spots differentially expressed by more than 2-fold in either the meningioma or non-brain tumor group were identified ( Figure 1B) . Seven of these 10 proteins were overexpressed in the CSF of meningiomas and the other 3 were underexpressed ( Table 2) .
Identification of meningioma associated proteins
We performed discriminatory analysis based on the expressions of the 10 protein spots. The selected spots were excised and analyzed by ESI-Q-TOF MS/MS (Supplemental data). The 10 protein spots were identified by positive gel matching of protein expression patterns with existing 2-DE gel databases ( Figure.1A) . Eleven proteins were identified in the 9 protein spots (spots #2 and #4 contained 2 proteins each ( Table 2) using Mowse scores (Individual ions scores >39, identity or extensive homology p<0.05). The other protein spot (spot #3 in Figure 1 ) was not identified. Albumin was identified in multiple spots (spot #1, #5 and #7, in Figure 1 and Table 2 ). Multiple spots on 2-D gels are presumably due to post-transcriptional modification, expression of differential isoforms derived from different genes, or proteolytic degradation of proteins in vivo and in vitro. It is well known that single genes can give rise to several isoforms, modified forms, and sliced forms of proteins [14, 15] .
Gene ontology analysis
The 10 proteins were analyzed using FatiGO 
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binding, which contained 6 proteins. This was followed by high-density lipoprotein binding, endopeptidase inhibitor activity, and receptor binding. In terms of cellular component classification, the major class was the extracellular region, which was composed of 4 proteins.
Western blot and immunohistochemical analyses for the verification of biomarkers identified from meningioma patients
CSF proteins found to be differentially expressed by 2-DE were confirmed by Western blot and immunohistochemical analyses. All the CSF samples (5 benign meningiomas [Me1-5], and 5 non-tumorous lesions [N1-5]) used in 2-DE experiments were also used in Western blot and immunohistochemical analyses. We performed Western blot analysis of an additional 4 CSF samples from patients with meningioma for verification (Me6-9, Table 1 , and Figure 2 ). Western blot analysis was performed using 6 selected CSF proteins for which antibodies are commercially available: Apo E, Apo J, AAT, PTGDS, TTR, and b2M. For Western blot experiment, ponceau red staining was used as an internal control. Because CSF does not have cytoskeleton proteins such as beta-actin, which is usually used as an internal control marker, we performed semi-quantitative analysis for Western blot by using the image J software program, which shows band intensity. Protein expression levels as determined by Western blot corresponded to the results obtained by 2-DE ( Figure 2A ) and band quantification was confirmed by Image Gauge version 4.0 (FUJI PHOTO FILM CO., LTD) ( Figure 2B ). For additional verification, we also performed Western blot analysis with 4 additional CSF samples (Me6-9 in Table 1 ) from patients with meningioma in which protein concentration was not high enough to run 2-DE, but was high enough to be analyzed by Western blot. The other 2 CSF samples (Me10-11 in Table1) from patients with meningioma had insufficient protein concentration to be analyzed by Western blot. Protein expression pattern from additional samples were similar to those of Figure 2 ( Figure 3A, B) . LGPLVEQGR 
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brain tumors [11, 12, 16] . In this study, we identified biologically relevant protein markers secreted into the CSF [11] to determine if proteins or protein patterns can be used as diagnostic biomarkers of meningiomas.
Genotypes of benign brain tumors are more homogenous than those of malignant brain tumors; therefore, we investigated more homogenous and common meningiomas. CSF is wellsuited for sampling, and its accessibility by lumbar puncture is relatively non-invasive [6] . Furthermore, human CSF has been used as an important source for protein biomarker studies [17] .
The CSF circulates within the ventricles of the brain, and surrounds the brain and bone marrow in the subarachnoid [18] ; more than 65% of its total protein content is accounted for by albumin and immunoglobulin. Furthermore, CSF has a high salt concentration and a low protein concentration [19] . We did not remove these abundant proteins, because the proteins could also be differentially expressed in the CSF of the patients with or without a meningioma. In this study, we used acetone precipitation to obtain an appropriate sample preparation and increase protein recovery.
Our study, similar to others in the literature [20] [21] [22] [23] , had a small sample size, because it was difficult to obtain a good quality of CSF samples from the patients with brain tumors. We verified 3 replications in each sample to overcome the problem of small sample size.
Proteomics combines high-resolution 2-DE, high-sensitivity MS, and continuously expanding protein databases [24] . To identify specific proteins that might be correlated with morphological changes, we generated 2-DE maps for proteome analysis. Using 2-DE, we found that 7 secreted protein spots were expressed at high levels in the majority of CSF of samples from patients with meningioma, and that 3 protein spots were expressed at lower levels. Furthermore, these protein expressions identified by 2DE were also confirmed by Western blot using meningioma tissues. In a previous study, Apolipoprotein A-II was found to be highly expressed in the CSF of a pediatric brain tumor patient, and this protein was associated with a disrupted blood-brain barrier [25] . It was recently reported that ApoE has been found in normal human brain tissue and in human intracranial neoplasm; it is a 34 kDa lipophilic protein and circulates in plasma as a constituent of lipoproteins [26] . On the other hand, ApoJ is a major carrier protein of soluble circulating amyloid b in body fluids, and may keep the peptide in a soluble form and is thus considered to have an anti-amyloidogenic effect [27] . However, our results show that ApoE and ApoJ are possible biomarkers of meningioma.
In a previous study, transthyretin was found to be expressed by most benign and malignant choroids plexus tumors; however, gliomas and meningiomas do not express transthyretin [28] . In our study, transthyretin was found to be more highly expressed in the CSF of patients with a nonbrain tumor. Prostaglandin D synthase is regarded as a useful biomarker of early diabetic nephropathy and the early phase of gentamicin-induced renal impairment, and has been considered a specific cell marker of meningioma [29] [30] [31] . However, our study shows that prostaglandin D synthase expression levels in meningioma patients were lower than in the non-brain tumor patients. Furthermore, our study indicates that b2M was down-regulated in patients with meningioma, whereas it has been reported to 
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BR be up-regulated in prostate cancer growth-stimulating factor [32] . All of the proteins identified in the present study are detailed in Table 2 . Four of the 11 identified proteins were found to be related to cellular metabolism, and 6 were found to be related to protein binding, primarily in the extracellular region.
Briefly, we used human CSF to obtain pure proteins from patients with meningioma and subjected these to 2-DE analysis and definitive ESI-Q-TOF protein sequencing to identify proteomic profiles and proteins that differentiate meningioma and non-brain tumors. The proteomic experimental methods used were found to be simple, accurate, and reliable. These possible biomarker proteins that we identified in the patients with meningiomas are proportionally high in human CSF [33] .
conclusions
In conclusion, we found 11 independent candidate proteins in 10 protein spots, differentially expressed by more than 2-fold in the CSF samples of patients with or without meningioma. Seven protein spots were up-regulated and 3 were down-regulated in patients with meningioma. Proteomebased clustering findings were found to be significantly correlated with Western blot findings using excised tissues and CSF samples. Our observations and findings suggest that this proteomics study of CSF might be used in diagnosis of brain tumor without surgical resection. 
